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Summary

Title of Programme

E-GVAP

Objective
Take actions to prepare the European GPS water vapour network to function operationally

Program responsible member
Danish Meteorological Institute (DMI)

Program working partners
Het Koninklijk Nederlands Meteorologisch Instituut (KNMI)


Met Office (MetO)

Starting date 

1 April 2005

Duration of programme 

4 years

Cost over four years

516,000 Euros

Cost of first year

129,000 Euros

Date of proposal

October 2004

The programme will take actions to prepare and coordinate future operational processing of GPS water vapour on both European and national scales. It will facilitate the transfer of the COST 716 GPS water vapour network from research funding to operational service as far as possible in liaison with the geodetic community. Suitable standards for processing operational GPS water vapour measurements will be agreed with the geodetic GPS community.

Activities will be designed to improve meteorological collaboration with operators of national GPS sensor networks. This will include developing possibilities for reducing operational costs by sharing facilities with non-meteorological GPS applications and by providing feedback of meteorological data to improve the products of these other GPS applications. 

It will also promote methods of introducing the use of GPS water vapour measurements to operational meteorologists. 

The costs of the programme are expected to be 129,000 Euros per year over four years.

The support of the programme shall be investigated after the EUMETNET council has decided on it and written a resolution. Amendments to the proposal requested by the council can be taken care of through this and the call for a responsible member. 
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1. Background

1.1 Results of the EU COST Action 716 

1.1.1 Total water vapour measurements

The COST Action 716 on Exploitation of Ground-Based GPS for Operational Numerical Weather Prediction and Climate Applications ran from 1998 to April 2004. As part of it a demonstration experiment on near real time (NRT) processing of total water vapour from a network of GPS receivers was set up in Western Europe. The experiment was performed as a cooperative effort between universities involved in the application of GPS sensing to either geophysics or meteorology, national/international geodetic institutions and mapping agencies, and national meteorological services within Europe. It clearly demonstrated the feasibility of delivering high quality processed GPS data for NWP in NRT.

The GPS receivers were mostly hosted at geodetic or survey sites within Europe, with a limited number collocated with meteorological observing sites. The observations were processed by up to 10 geodetic institutes interested in GPS research. Water vapour observations were forwarded to a central meteorological database with most processing centres achieving product delivery timeliness suitable for numerical weather prediction.

The dataflow of GPS water vapour observations is shown in Figure 1.
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Figure 1: Schematic dataflow of GPS water vapour observations.

Over much of Western Europe the GPS measurement technique has already provided continuous monitoring of total water at a spatial resolution in the horizontal better than the existing radiosonde network. The vapour pressure of water drops very rapidly with temperature, so most of the water vapour sensed is in the lower troposphere, i.e. at heights up to about 3 km in the winter and about 5 km in the summer. As the GPS technique primarily senses water vapour in the lower troposphere, the measurements can be expected to complement water vapour measurements from satellites. Satellite measurements (for example HIRS, AMSU(B), GPS radio occultations) are best able to provide the distribution in the horizontal of water vapour in the upper and middle troposphere and the GPS water network the structure in the lower troposphere.

The GPS water vapour measurements provide an independent water vapour data set that has already identified day-night variations in radiosonde humidity sensor performance. In future, operating the two systems together offers the advantage of monitoring the stability of radiosonde measurements. If a radiosonde measurement is in a relatively stable situation with little change of total water vapour with time it is likely to represent a fairly large area around the location in the lower troposphere. On the other hand if the total water vapour fields are changing rapidly with time, the radiosonde ascent can only be expected to represent a very limited area in the lower troposphere.  Hence, the availability of total water vapour from GPS sensors should improve the quality and usefulness of water vapour measurements available to operational meteorologists. In some countries, interpolation of humidity fields between radiosonde sites in numerical models is based on an assumed empirical relationship between vertical structure, surface observations and surface cloud observations. GPS water vapour networks should allow these assumptions to be largely replaced with actual observations of water vapour.

At the end of COST 716 there were about 450 GPS sensing sites available for research. The distribution of available sites varied a great deal from country to country within Europe. Individual processing centres typically processed observations from 50 up to 200 sites, but none used the complete set of sites available. Zenith total delay (ZTD) observations were sent from the processing centres to a central data bank maintained by the UK Met Office in NRT, with at target time chosen to suit regional NWP. The data were then validated and used for NWP impact experiments by other partners in COST 716 and by other research and development projects, such as the current European Framework 5 project TOUGH and the former EU project MAGIC.  In addition KNMI provided a NRT service displaying on a web site the GPS integrated water vapour (IWV) against IWV from HIRLAM forecasts and neighbouring radiosonde measurements. A part of the COST 716 network is included in the TOUGH project, which finishes by January 2006, but important contributions are not, most noticeable the data from Germany, which amount to roughly half the total COST 716 stations. The central databank facility from COST716 is maintained in TOUGH and the KNMI website is still functioning.

1.1.2 Usefulness of observations

Accuracy assessment during COST 716 showed that most processing centres were capable of producing NRT observations of adequate quality to be useful. The higher accuracy required by climate use was a continuing challenge, but observations for this use are probably best processed with a greater time delay, avoiding errors inherent in using rapid calculations of the precise orbits of GPS satellites.

Recent observing system studies have shown that a network of water vapour measurements across Europe is likely to improve the forecasting of extreme rainfall events mostly from 6 to 24 hours ahead.  Research into improving the assimilation and use of the GPS data is continuing and relies on the continued supply of GPS measurements from the European sites. 

Total water vapour measurements from a dense network of surface sites (typical spacing 50 km) were shown to contain information useful for nowcasting summer convection. 

In another application, the GPS water vapour measurements have been used to identify forecast errors in operational models and to verify the improvements in numerical forecasts available from the inclusion of new satellite water vapour measurements, windprofiler data, and lightning detection methods.

A BUFR format for GPS meteorological data has been made in the above pilot projects and approved by the WMO, enabling dissemination via the meteorological GTS/RMDCN network. GPS ZTD data from a small subset of the COST 716 sites (where the formal agreements could be made) are being distributed on the GTS network.

1.1.3 Status of GPS water vapour networks

The availability of the water vapour measurements has grown much more rapidly than expected within the COST 716 demonstration. There are considerable differences in the status of the sensing systems within each country. In some cases, the observations are only available for research under the current national arrangements. In other countries agreements are in place that allow the measurements to be used for meteorological operations. However, the number of countries/regional groups where a permanent arrangement for GPS water vapour observing has matured is low.  

For GPS observations to be cost-effective for meteorologists, cooperative arrangements between the national meteorological services and institutions deploying the GPS surface sensors must be established. This process started under COST 716, but it could not be completed in a satisfactory manner for most countries by the end of the action.  Similarly, most of the GPS data processing centres were working using research funding and were not funded to form the backbone of a European processing system for an operational water vapour network operation. In order to have reliable observations useful for operational meteorology either contracts should be signed with processing centres or processing should be performed under a guarded environment. 

Thus, this project is proposed to ensure that the availability of GPS water vapour measurements within Europe does not cease, but rather continues to develop following the successful start by COST 716.  It will be essential to liaise with the geodetic data processing centres to establish a long term policy for processing operational GPS water vapour measurements, and to coordinate national/regional processing efforts to ensure availability of operational data from the whole of the European network. The involvement of a number of GPS processing centres is necessary, a main reason being that the raw data from some GPS sites are only available for national agencies.

The COST 716 action ended in April 2004 and the present proposal aims to continue and improve the networking activities started by COST 716 and to develop towards cost-effective network operations. COST 716 identified that the costs of a dedicated GPS water vapour network for meteorology at spacing in the horizontal of 100 km or better would usually be too expensive for national meteorological services. Thus, national agreements are required so that the costs of operating GPS sensing facilities (sensors + communications) can be shared between meteorology and agencies using GPS sensors for other applications. The aim is to reduce operational costs for both sets of GPS applications. The EUMETNET project must take actions to foster the necessary collaborative agreements. Both concerning a continuation of the current GPS data processing on operational terms, and to initiate/guide expansions in areas with currently poor coverage.

2. Programme
2.1 Objectives of the Programme

COST 716 made substantial progress in developing a network of surface based GPS water vapour measurements suitable for operational meteorology. However, the current COST 716/TOUGH observing networks are mainly based on short-term arrangements funded to a large extent by European and national research activities and national survey institutes. In some countries, major problems have been experienced when attempts were made to plan the change from research to operational funding. The problems regard compensation both for use of GPS data not freely available for operational meteorological use as well as for the processing efforts undertaken by the geodetic community. COST 716 recommended that a follow on project to facilitate the move from research toward operational status was essential. Otherwise there is a strong risk that the network established would fall into disuse within a few years in many countries. The proposed EUMETNET project is the meteorological response to the recommendation from COST716 with the key issue to make sure that data processing and exchange continues.

The main objectives of the programme are
1. To continue the transition from research to operations of the production and exchange of total zenith delay and total water vapour from GPS networks in Europe.

2. To work with the geodetic community and data GPS processing centres to agree and implement a data processing strategy for long term meteorological applications and climate research.
3. To establish a data hub for GPS water vapour measurements and quality monitoring facility suitable for future operations.  
4. To co-ordinate the meteorological exploitation of national sources of GPS data by cost-effective agreements.
5. To provide meteorological support for expansion of GPS observing networks.
6. To identify the potential benefits of feedback of meteorological data to the GPS user community in order to improve the capability of real time surveying and precise positioning applications.
7. To report on the progress of water vapour /zenith total delay data assimilation research. 

8. To promote the use of GPS water vapour measurements in operational meteorology by the provision of suitable teaching material and documentation 

2.2 Programme Details

It is proposed that three project teams will deal with the programme issues,

1 Operational Liaison group for GPS water vapour  

[Managing the interaction between meteorologists and the wider GPS sensing community]

2 Expert team on data processing and standards

[Dealing with quality issues associated with GPS data processing]

3 Expert team on promoting use of the observations
[Including liaison with data assimilation and observing system experiments, and with other water vapour network users]
The programme management (PM) will set up the agreements with the NMS who will provide the support to enable the individual project teams to function. The programme management will provide the necessary project co-ordination and organize the half-yearly plenary meetings. The PM will work under the guidance of PB-OBS, providing progress reports on the defined work packages.

3. Organisation

3.1 Programme team

Responsible member will be DMI, providing the programme management which will be responsible to deliver the necessary results. Acting as programme manager at DMI will be Henrik Vedel. The programme team will include KNMI and MetO, which will be contracted by the PM to stand for the development of the data hub, the central data processing and the development and automatisation of quality control (see section 4).
The overall management of the programme will be handled at meetings taking place every six months. Each NMS sends a representative to these meetings and sponsors its own delegate who is responsible for the national meteorological coordination with the operators of the national GPS sensor network

3.2 Expert teams

3 expert teams who will be responsible for assigned tasks within the project will support the programme. The work of the three expert teams will be performed in parallel. Expert team meetings will be organized where deemed necessary by the programme management, given the available budget resources. It will be essential that all NMS be represented in the operational liaison group. The expert team meetings have to be financed by the programme as they will contain many members from the geodetic side, not funded for this type of work by other means.

3.3 Reporting

The PM will provide regular progress reports to PB-OBS, following the half yearly plenary meetings, and will include specific results from expert meetings. Data availability and quality will be summarized in quarterly reports, once the necessary monitoring mechanisms are established.

3.4 Risk assessment

The success of the programme will not purely depend on the resources made available by the NMS, but will be critically dependent on whether successful operational liaison can be established with the operators of the various GPS sensor networks and with the relevant data processing centres. Thus, it is essential that the operational liaison group is strongly supported and financed with a suitable contract placed on the member responsible for organizing this activity.

3.5 Programme team details

3.5.1 DMI, programme management

DMI is the national centre for operational meteorology, climate monitoring, research of the atmosphere, covering the processes from the troposphere to the ionosphere and magnetosphere. About 400 people work at DMI.

DMI partake in the HIRLAM corporation and is heavily involved in the development of the HIRLAM data assimilation system and its ability to utilise GPS observations and also to validate such data. 

DMI has a broad expertise in the field of GPS meteorology, both ground and space based, and has been/is involved in the following GPS projects: MAGIC, COST716, TOUGH, CLIMAP, ACE, GODANS, ØRSTED, WATS, ACE+, METOP/EPS, GPSOS/NPOESS.

DMI is coordinator for the TOUGH project (scientific project on improving the use of ground based GPS data). DMI is coordinator and host of the GRAS-SAF (data processing and distribution of GPS radio occultation data from coming METOP EUMETSAT satellite).
Further details on DMI at www.dmi.dk

CV for Henrik Vedel, programme manager


Date of birth:  1958-04-29


Nationality: 
Danish

Education:
Cand scient (masters) in physics and mathematics, Niels Bohr Institute, 1987



PhD in physics, Niels Bohr Institute, 1991

Career:

1987-1991, PhD stipend at SARC foundation



1991, guest researcher, NORDITA



1992, postdoc, University of Victoria, Canada



1993-94, research assistant, University of Victoria, Canada



1995-1997, postdoc, Theoretical Astrophysics Centre, Denmark



1998-present, research assistant, DMI.

Specialities, general:    Data assimilation, NWP modelling, hydrodynamics,

statistics.


Specialities, specific: Development of software for assimilation of GPS data in

NWP and for validation of GPS data against met. data. Running impact studies for GPS data in NWP. 

Partaking in former EU GPS project MAGIC 

Project coordinator for ongoing EU GPS project TOUGH (15 partners, see http://tough.dmi.dk for info on TOUGH).

Member of working group 3 of former COST716

Partaking in former Danish Research Council GPS project GODANS

Partaking in the former ACE scientific pre-study (GPS radio occultation)

3.5.2 KNMI, quality control and monitoring.

KNMI is the Royal Netherlands Meteorological Institute for opeational meteorology, climate monitoring, atmospheric and seismologic research. Currently, about 500 people are working at KNMI.

KNMI is also part of the HIRLAM consortium and is a lead center in NWP model verification. Within COST716 KNMI chaired Working Group 3 “Applications” and hosts the website for the demonstration campaign of COST716 and TOUGH. The COST716 final workshop was hosted by KNMI in December 2003. KNMI has been/is involved n the following GPS projects: COST716, TOUGH, CLIMAP and METOP/EPS.

CV for Siebren de Haan, responsible for quality control and monitoring:


Date of Birth:
1968-06-05


Nationality:
Dutch


Education:
Masters in Mathematics State University Groningen, 1986-1992

Post Master Course Applied Mathematics University of Technology Eindhoven, 1995-1997

Career:
1990-1995, Teacher in Mathematics at an high school and University of Groningen


1997 Research assistant University of Technology Eindhoven


1998-present: satellite observation scientist

Specialities:
Assimilation of satellite derived sea surface temperatures


Sea Ice detection using the ERS scatterometer


Member of WG3 of former COST716


“webmaster” of COST716/TOUGH demonstration website


Development of Software for conversion of ZTD to IWV


National project : ”Reconstructing 3D water vapour using GPS slant observations”


Visiting Scientist for the GRAS-SAF “Global fields from GPS Radio Occultation observations”

3.5.3 MetO, data hub, central processing.

The Met Office have supported the data hub and monitoring for wind profiler and Doppler weather radar for the WINPROF project. Within COST 716, Dave Offiler established the THORN server to collect data centrally for the COST716 demonstration network. This system is still functioning and delivering data to TOUGH. 
Development of further UK facilities within E-GVAP will be managed by. John Nash and Jonathan Jones under the authorisation provided by the Head of Met Office Observation Supply, Alan Douglas. 

John Nash is manager of the Upper Air team, Development, and co-chairman of the CIMO Upper Air OPAG.  Jonathan Jones is a member of the Met Office  Upper Air Team responsible for the development of real time GPS water vapour  processing for the UK Met Office.  

4. Work breakdown

4.1 Programme management

The PM will be responsible for the management of the programme and the three expert teams. A web site plus an FTP server will facilitate communication between participants. The PM will organize the half yearly plenary meetings. The PM will provide the necessary support for the expert meetings to be held. The PM will in all case cooperate with the local organizer of the meetings.

Thus, the PM has to perform the following tasks:

· Set up working and reporting procedures.

· Monitor the progress, initiate corrective actions as necessary.

· Preparation of meetings, administration for the meetings, minutes, etc. (in liaison with EUMETNET CO)

· Function of a web site for publicity and project documents

· Management of the project budget

· To supervise liaison with the GPS sensing community

· To liaise with bodies like WMO, and the user community

· Delivery of the final report

4.2 Operational liaison group for GPS water vapour

At the moment a few NMS have agreements with national GPS operators that can be expected to continue for several years in operational mode, but many countries have not yet established a long-term agreement. Data processing centres are currently supported by research funding and up to now are not in a position to assume the permanent responsibility for processing data on a European scale, or the costs which are associated with such a service.

Thus this group should have the following tasks:

· Agree an operational processing policy for a European scale regional network using data from sensor sites where raw GPS data are freely available.

· Agree an operational processing policy for data from national GPS sites where the real time GPS data cannot be made freely available on a European scale. 

· Review options for the rapid provision of satellite orbits and clock offsets for use in the real time processing centres, and implement collaboration with the relevant agencies as considered necessary (i.e. EUMETSAT GRAS-SAF).

· Identify possibilities for collaboration with other GPS meteorology programmes, such as the EUMETSAT METOP GRAS SAF.

· Identify what services meteorologists can provide to the GPS sensing community, which may mitigate the operational costs of the GPS sensing network.

· Develop policies where facilities associated with the deployment of surface GPS sensors (e.g. sensor sites, communications) can be shared between meteorologists and the GPS operators, thus reducing costs to meteorologists.

· Monitor and report on the progress in developing the GPS water vapour sensing network

· Agree a method of identifying sensor sites unambiguously, acceptable to both geodetic and meteorological communities (which use different naming conventions).

· Provide support for the establishment of operational data processing centres, especially in areas where the network coverage is currently poor.

· Provide recommendations for design of GPS networks for regional NWP and nowcasting purposes.

· Agree with EUCOS a plan for long term financial and administrative support of the GPS water vapour network. 

4.3 Expert team on data processing and standards

Within the COST 716 experiment, various methods of data processing were being used with varying degrees of operational stability. This expert team should work to identify the necessary standards for operational and climate products. Therefore it is necessary to,

· Update user requirements for processed data, particularly in the light of ongoing data assimilation experiments, identifying errors that might be harmful to successful operations

· Develop/update the monitoring and reporting practices for feedback to GPS data processing centres and GPS stations operators as necessary.

· Report on progress in the development of near real time processing of zenith total delay 

· Report on the success and errors of various data processing techniques, and recommend those methods considered sufficiently reliable to meet the accepted data requirements.

· Investigate new developments to optimize data quality for climate use.

· Support the implementation of an operational data hub and quality evaluation centres (both for raw GPS measurements and for the meteorological output). This operational monitoring will have active feedback to the various processing centres and network operators in order to sustain data quality.
4.4 Expert team on promoting the use of GPS water measurements

Within COST 716 the data processing centres have been disappointed by the relatively slow response of operational meteorologists in using the measurements provided. Some users require a deeper evaluation of the usefulness of the GPS water measurements before committing to significant financial support for operations. Thus, the expert team needs to take on the following responsibilities,

· Support the development of improved data displays for results from the European networks.

· Develop documentation that introduces meteorologists to GPS water vapour measurements, origin of errors, and examples of the use of observations for meteorological operations and research

· Review progress with data assimilation techniques suited to improve the use of GPS water measurements in numerical weather prediction and the results of associated observing system experiments. 

· Report on the developments of the use of real time measurements in nowcasting by combining GPS IWV with other sources, such as windprofiler, Meteosat Water Vapour imagery.

· Report on the developments of the use GPS observations for real time forecast verification

· Report on the use of GPS measurements as a component of future meteorological Integrated Observing Systems

4.5 Data hub, central processing and quality control.

The data hub, central processing, and quality control is split between the two E-GVAP partners KNMI and MetO. They have expertise in these fields from COST716 and TOUGH, the main goal is now to upgrade software, hardware and personal resources to a level suitable for operational NWP.

· The data hub will become part of the operational environment at MetO, ensuring automatic backups and minimised downtime.

· A facility will be made at MetO for processing of raw GPS data. This facility will process some of the British GPS data,  as well as GPS data which become available from other countries and which is not processed by some of the associated GPS processing centres.

· Quality control will be upgraded to include NRT comparisons between GPS ZTDs and NWP forecast ZTD as well as with observations. Statistics will be made for verification purposes. Gradually mechanisms will be implemented for feedback to both NWP users, GPS processing centres, and GPS site owners. In the end this will become automated.

Responsible for the first two tasks is MetO, for the last KNMI.

5. Financial costs per year

5.1 Budget

Project manager 0.5 year per year

43.0 k€
DMI

Liaison group meetings 


15.0 k€

Expert Team meetings 


10.0 k€

Contract to support hub/central processing    25.5 k€

MetO

Contract to quality control facility

25.5 k€
KNMI

Project Travel




10.0 k€

Total




          129.0 k€



5.2 Budget spilt on partners

The contribution to be paid by each partner for the first year has been derived based on the GNP for each country for the years 1998, 1999, and 2000.

	Belgium


	8668 €

	Denmark



	5816 €

	Finland


	4314 €



	Iceland


	284 €



	Ireland


	2787 €

	Netherlands


	13468 €

	Norway
	5328 € 

	Spain


	20122 €

	Sweden


	8167 €

	Switzerland
	9578 €

	United Kingdom
	50468 €

	Total
	129000 €


6. Time table

The programme is planned to start on April 1’st, 2005 and to last for 4 years. Four years is recommended to allow transfer of data processing and data collection responsibilities from COST 716, which ended April 2004, and TOUGH, which ends January 2006. It should also allow time for the development of a plan for EUCOS involvement in the long-term operations of the GPS water vapour network.

Plenary meetings at 6 month intervals

Operational liaison group first meeting in spring 2005.

And at regular intervals afterwards, possibly integrated with the plenary meetings

Expert teams, maximum number of meetings once per year, unless PM decides otherwise.

Project time table.

	Subject
	Start
	End
	Y 1
	Y 2
	Y 3
	Y4

	Formation of the liaison and expert groups
	00
	03
	
	
	
	

	Liaison group
	03
	48
	
	
	
	

	Expert team on data processing
	03
	48
	
	
	
	

	Expert team on meteorological use of GPS data
	03
	48
	
	
	
	

	Setup of hub for GPS meteorological data
	00
	12
	
	
	
	

	Continuous running of hub + archive.
	12
	48
	
	
	
	

	Quality measurement/reporting setup
	00
	12
	
	
	
	

	Quality measurement/reporting working
	13
	24
	
	
	
	

	Quality measurement/reporting automated, NRT
	25
	48
	
	
	
	

	Agreement with EUREF on use/processing of EUREF data
	03
	12
	
	
	
	

	Agreement on processing policy for other ‘free’ data.
	03
	12
	
	
	
	

	Agreements on processing for national data not

available internationally.
	03
	24
	
	
	
	

	Develop policies for common facilities 

(meteorology + GPS)
	03
	48
	
	
	
	

	Agree on method for identification of GPS sites
	03
	24
	
	
	
	

	Discussions with EUCOS on long term running

of operational ground based GPS network.
	24
	48
	
	
	
	

	Support (know-how) for establishment of new operational processing centres
	24
	48
	
	
	
	

	Update user requirements
	03
	48
	
	
	
	

	Monitor quality of different processing techniques. Identify superior methods.
	03
	48
	
	
	
	

	Investigate processing strategy for climate use
	18
	48
	
	
	
	

	Report on progress in real time processing
	18
	48
	
	
	
	

	Support displays of data from European GPS network
	03
	48
	
	
	
	

	Make introduction documentation regarding use of GPS data in meteorology
	03
	48
	
	
	
	

	Review progress with data assimilation of GPS data in NWP
	12
	48
	
	
	
	

	Report on progress in use of GPS data in nowcasting and real time forecast verification
	12
	48
	
	
	
	

	Report on the use of GPS measurements as part of future Integrated Observing System
	36
	48
	
	
	
	

	Identify meteorological data of value to GPS

community
	03
	24
	
	
	
	

	Identify other services the meteorological community can provide the GPS community
	03
	24
	
	
	
	


6.1 Milestones

Year 1 


· Successful setup of liaison group and the two expert groups and first year reports from those. 

· Successful setup of hub to receive GPS meteorological data,  distribute them and archive them. 

· Start of quality measurement/report facility. 

· An agreement with EUREF about the use of EUREF GPS data.

· Recommendations for design of regional/national GPS networks for water vapour determination.


Year 2
· Formal arrangements with national organisations assuring delivery of GPS meteorological data to hub for a multi-year period. Either via NMS or directly with E-GVAP. 

· Operation of quality measurement/report facility. Quality measured against NWP, radiosonde and other available meteorological data. Reporting quarterly. 

· Workshop on the production and use of GPS data (possibly in connection with project meeting).


Year 3


· Formal arrangement with facility which can process ‘raw’ GPS data which might become available in Europe, but are not processed  already by current GPS processing centres for whatever reason. 

· Functioning automated real time quality control of GPS meteorological data against GPS meteorological  data from nearby GPS stations, other GPS networks with common stations,  and against NWP data and other meteorological observations. Automated near real time feedback to owners of problematic stations and processing centres processing the station(s) in question. Periodic feedback to all involved parties. 

· Organised support for expansion of network in regions with poor coverage, and for more GPS sites collocated with radiosonde sites, airport (AMDAR), and other meteorological sites. 


Year 4

· Ongoing processing of ground based GPS data from an increasing European GPS network.
· Review of processing, utilisation, and impact of ground based GPS data at European meteorological services.
A review/discussion of the future route for European ground based GPS observations for meteorology.

· 7. Acronyms

AMSU

Advanced Microwave Sounding Unit 

COST716
European Co-operation in the field of Scientific and Technical Research, Action 716

EUCOS 
EUMETNET Composite Observing System

EUREF
European Reference Frame, IAG reference frame sub-commission for Europe.

GTS
Global Telecommunication System

Galileo
Global Positioning System (Europe)

GRAS-SAF
GNSS Reveiver for Atmospheric Sounding Satellite Application Facility

GPS 

Global Positioning System (USA)

GNSS 

Global Navigation Satellite System (Generic: GPS, GLONASS, Galileo)

HIRS

High resulotion infrared sounder

HIRLAM
High Resolution Limited Area Model

IAG

International Association of Geodesy.

IGS

International GPS Service.

IWV

Integrated water vapour.

MAGIC   
Meteorological Applications of Global Positioning System Integrated Column Water Vapour Measurements in the Western Mediterranean (EU project)

NMS
National meteorlogical service

NRT
Near real time

NWP  
Numerical weather prediction.

RMDCN
Regional Meteorological Data Communications Network

TOUGH 
Targeting Optimal Use of GPS Humidity Observations in Meteorology (EU project)

ZTD

Zenith total delay.

8. References, further reading

COST 716 Final report. Draft available at http://www.oso.chalmers.se/~kge/cost716.html

Main reference for overview, includes results from COST Action 716 itself plus extensive list of references produced by COST 716 participants. 

In addition the following websites display examples of current European work on ground based GPS-meteorology.

http://tough.dmi.dk, 

http://www.knmi.nl/samenw/cost716/,
http://www.swisstopo.ch,
http://www.meteoswiss.ch/en/Science/Research/tuc,
http://www.acri-st.fr/tough,
http://www.geodaf.mt.asi.it/html/GPSAtmo/ground.html.

A comprehensive set of articles on the production and use of meteorological GPS data worldwide can be found in a special volume of the Journal of the Japanese Society of

Meteorology (volume 82, 2004), entitled Application of GPS remote Sensing to Meteorology and Related Fields, eds. Anthes et al.
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